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ABSTRACT 
   
 Ethanol tolerance is one of the most important properties of yeasts used for 
bioethanol production, and has been correlated with plasma membrane fluidity. This study 
investigates yeast membrane fluidity and ethanol tolerance, particularly in relation to 
proline and inositol supplementation. Three Saccharomyces cerevisiae strains (A12, PDM 
and K7) were selected, based on reported stress tolerance and ethanol productivity; an 
ethanol tolerant baker’s yeast (A12), a wine yeast (PDM) and a sake yeast (K7), the latter 
produce up to 17 and 17.5 %(v/v) ethanol, respectively. 
 To determine the feasibility of these strains and supplementation for bioethanol 
production, a model system was devised using Yeast Nitrogen Base (YNB) with 18% (w/v) 
sucrose. YNB was chosen for its defined and consistent composition (limiting variation) 
and for its lower fluorescent background (enabling membrane fluidity assessment in situ). 
However growth of all strains was inconsistent and ferments stuck at high sugar levels. 
This was likely due to insufficient nitrogen or other essential nutrients, and could be 
ameliorated by a complex but undefined medium but with high and inexact levels of 
proline and inositol. In order to allow unequivocal discrimination of supplement effects, 
experiments were continued with media similar to previous laboratory studies; YNB with 
2% (w/v) glucose. 
 When cultured in YNB with 2% (w/v) glucose, the three strains had similar growth 
rates and performance, although K7 maintained significantly higher viability. Comparison 
of generalized polarization (GP) of laurdan-labelled cells indicated that PDM had the 
highest membrane fluidity, followed in order by K7 and A12. Conversely A12 had the 
highest ethanol tolerance, followed in order by K7 and PDM, so unlike some published 
reports, higher ethanol tolerance related to lower membrane fluidity. Furthermore in 
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comparison to 6 h cultures, 24 h cultures of all strains had lower membrane fluidity and 
higher ethanol tolerance.  
 Two approaches were used to assess ethanol tolerance. The total plate count (TPC) 
is widely used to assess ethanol tolerance, while methylene violet staining has been 
proposed as a rapid alternative. Correlation analysis showed only weak correlations 
between viability assessment by methylene violet staining and viability by TPC, membrane 
fluidity by GP or culture age. In contrast there were strong correlations between 
membrane fluidity by GP, viability by TPC and culture age. 
 Despite showing promise in previously published studies as a stress tolerance 
enhancer, proline supplementation did not lead to any consistent significant change in 
membrane fluidity or ethanol tolerance. The only significant effect was the higher GP of 
the PDM strain with 0.5 g/L proline. However, no significant differences between levels of 
supplementation were detected in viability reduction in ethanol-stressed cultures (either by 
TPC or methylene violet staining). Therefore further study is needed to confirm this result. 
The present study failed to confirm reports that inositol supplementation increases ethanol 
tolerance. No significant changes of either GP or viability reduction upon ethanol stress 
were found when the medium was supplemented with various levels of inositol. Further 
investigation, including more variations in concentration, is needed to elucidate this 
possibility.  
 In summary, of the three S. cerevisiae strains tested, A12 seems to be the best for 
bioethanol production, followed by K7 and then PDM. Some relationships were found 
between culture age, ethanol stress tolerance and membrane fluidity, although 
supplementation of cultures with proline or inositol did not seem to enhance culture 
performance or ethanol tolerance. 
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GLOSSARY OF ABBREVIATIONS 
 
ANOVA Analysis of Variance 
ATCC American Type Culture Collection 
ATP Adenosine tri phosphate 
CDP-DAG Cytidine diphospho-diacylglycerol 
DLPC dilauroyl-phosphatidylcholine 
DNA Deoxyribonucleic Acid 
DPH 1,6-Diphenyl-1,3,5-hexatriene  
EDTA Ethylenediaminetetraacetic acid 
EPR Electron Paramagnetic Resonance 
FAD2 Δ12-fatty acid desaturase encoding gene 
FTIR Fourier Transform Infrared 
G Grating correction factor 
g Gravity, relative centrifugal force 
GMO Genetically modified organism 
GP Generalized polarization 
GRAS Generally recognized as safe 
HPLC High Performance Liquid Chromatography 
INO1 myo-inositol-1-phosphate synthase encoding gene 
IVH fluorescence emission intensity measured in the plane perpendicular to 
the plane of vertically polarized excitation 
IVV fluorescence emission intensity measured in the plane parallel to the 
plane of vertically polarized excitation 
Laurdan 6-lauroyl-2-dimethylamino naphthalene 
LSD Least Significant Difference 
NMR Nuclear Magnetic Resonance 
OD600nm Optical density at 600 nm 
OLE1 Δ9-fatty acid desaturase encoding gene 
OPI1 negative regulatory factor of the INO1 structural gene encoding gene 
opm Orbital per minute 
P Polarization 
p p-value, probability value 
P5C Δ1-pyrroline-5-carboxylate 
PA Phospatidic acid 
PC Phosphatidylcholine 
PC Personal Computer 
PDA Photo Diode Array 
PE Phosphatidylethanolamine 
PI Phosphatidylinositol 
PMMA polymethyl methacrylate
 PRO1 γ-glutamyl kinase encoding gene 
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PS Phosphatidylserine 
PUT1 Proline oxidase encoding gene 
PUT2 Δ1-pyrroline-5-carboxylate dehydrogenase encoding gene 
r anisotropy 
RID Refractive Index Detector 
ROS Reactive oxygen species 
SPS Ssy1-Ptr3-Ssy5 complex 
Tm Melting Temperature of DNA 
TPC Total plate count 
VR MVS viability reduction by methylene violet staining 
VR TPC viability reduction by total plate count 
YEP Yeast extract peptone 
YNB Yeast nitrogen base 
YNBNG Yeast nitrogen base without glucose 
YPD Yeast extract peptone dextrose 
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cells to 18% v/v ethanol. Cultures were grown in YNB 
medium with 2% (w/v) glucose under aerobic conditions 
at 30°C. Data are the means of four independent 
experiments. Error bars represent standard deviations... 
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Figure 6.6 Viability reduction of yeast cells grown in inositol -
supplemented and -unsupplemented media at 24 hours 
of culture. Viability reduction was determined by the 
methylene violet staining method after exposing yeast 
cells to 18% v/v ethanol. Cultures were grown in YNB 
medium with 2% (w/v) glucose under aerobic conditions 
at 30°C. Data are the means of four independent 
experiments. Error bars represent standard deviations... 
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